SUMMARY Seven normal subjects were instructed to adduct the arm as fast as possible. On some trials the movement was prevented mechanically. For each movement or attempted movement, the EMG response in the antagonist muscle was measured. On trials in which no movement occurred, the responses were significantly smaller than those obtained during free, ballistic movement. The results demonstrate the role of proprioceptive influences on the contraction of the antagonist muscle.
The EMG activity associated with voluntary movement of the upper limb was first recorded more than 50 years ago (Wachholder and Altenburger, 1926a,b; Wachholder, 1928) . The original records show a characteristic EMG pattern which has been confirmed in several recent studies (Bizzi et al., 1971; Garland and Angel, 1971; Terzuolo et al., 1973; Angel, 1974; Hallett et al., 1975) . In the half century since these records were published, much has been learned about the spinal and cerebral mechanisms controlling movement, but the normal EMG pattern is still poorly understood. One question that remains unsettled is the relative importance of central versus peripheral factors in producing the normal pattern. Recent workers have found evidence that the initial volleys of EMG activity in the agonist and antagonist muscles are influenced relatively little by events at the periphery (Hallett et al., 1975) . Hence, they propose that the first part of the normal, triphasic EMG pattern is preprogrammed (Hallett et al., 1976) . The present study was designed to test this hypothesis.
Muscle action potentials were recorded by means of Beckman skin electrodes, used with Beckman electrode paste and adhesive collars. Two electrodes were fastened over the posterior fibres of the right deltoid muscle, one just below the acromion and the other about 50 mm medially. Another pair of electrodes was fastened over the right pectoralis major. The electromyograms (EMGs) were processed by an averaging filter which displayed at each instant the sum of all EMG activity during the preceding 94 ms (Garland et al., 1972) .
For each test, the subject was seated grasping the lower end of a 750 mm aluminium rod which was suspended vertically at arm's length anterior to the right shoulder. The upper end of this rod was coupled to a shaft which rotated as the subject moved the hand to the left or right. Transducers produced voltages proportional to the angular position and the velocity of the shaft.
For each trial, the assigned task was to swing the hand to the left over a distance of 150 mm, as indicated by marks on a horizontal tape. The subject was instructed to move the hand as rapidly as possible. In this movement, the pectoral muscles are agonists, and the posterior portion of the deltoid is an antagonist.
After 20 to 25 movements had been recorded, the lower end of the rod was attached to a nylon cord which extended horizontally to the right. The other end of the cord was held against an electromagnet by a steel plate. The magnet was clamped in place, so that the rod could not be pulled to the left while the magnet was energised.
On some of the subsequent trials, the current was turned off at the time of the command to move, so that there was no resistance to hand movement. On other trials, the current was not turned off, and leftward movement was prevented by the nylon cord. Before each movement (or attempted movement) the subject was not told whether the cord would be released or not. He was instructed to make a standard 150 mm move, ignoring the possibility that movement would be checked on some trials. The blocked and unblocked conditions were alternated randomly until at least 20 trials of each kind were recorded.
Signals representing the position and velocity of the recording handle, along with the 'raw' and filtered EMGs, were displayed on paper by means of a Grass Model 7 polygraph. Measurements were taken from the ink-written records. The amplitude of each response from deltoid muscle (the antagonist) was measured as the distance from baseline to peak of the filtered EMG curve.
Three sets of measurements were obtained for each subject: (a) the initial 20 to 25 movements, (b) the unblocked movements during the second run, and (c) the blocked movements during the second run. The chief point of interest was whether or not the antagonist EMG responses were significantly different in sets (b) and (c). If the triphasic response were entirely preprogrammed, no difference would be expected.
Results
Figures 1 and 2 compare a free movement with one in which movement was blocked mechanically. The amplitude of the antagonist EMG response is noted to be smaller on the blocked move.
The Table shows the data obtained from all seven subjects. In each case the mean amplitude of the antagonist response is noted to be smaller during the blocked moves than during the unblocked, all differences being significant at the 0.01 level by Student's t test.
For each subject, the average EMG obtained during blocked moves was some fraction of the mean for unblocked moves. The mean ratio was 0.44 with a standard deviation of 0.11.
A comparison of the initial free moves (set a) with the free moves on the second run (set b)
showed no difference in five of the seven subjects.
In the other two cases, the antagonist did not fire so strongly on the trials when there was a 0.5 probability of encountering the block. For these two, the expectation of encountering the block evidently caused a reduction of EMG activity, Hallett et al., 1975.) If the extremity has not started to move, or has moved very little, when the antagonist begins to fire, it seems unlikely that the firing is caused by feedback from the periphery. Other arguments based on the timing and velocity of ballistic movements point to the same conclusion (Stetson and McGill, 1923; Bouisset and Lestienne, 1974) . Hallett et al. (1975) have recently published additional evidence for the concept of preprogramming. They reported that the firing patterns of agonist and antagonist muscles were normal in a patient whose limbs were essentially denervated by a pan-sensory neuropathy. In normal subjects, they found that an attempt to flex the elbow is accompanied by the usual burst of activity in triceps, even when the elbow is extended passively. Since the triceps activity occurred in the absence of the intended elbow movement, the authors inferred that it must be part of a central motor programme, not particularly subject to segmental influence.
The results of the present study do not support this conclusion. If the braking contraction is preprogrammed, it should not be affected by an unexpected change of the loading conditions. On the other hand, if it is modulated by proprioceptive inputs, one might expect a smaller burst of (Phillips, 1969; Evarts, 1973) or a cerebellar assisted cortical servo-control (Conrad et al., 1974 
